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(54) Image display apparatus and method of activating getter 



(57) An image-forming apparatus comprises an 
electron source and an image-forming member dis- 
posed in an envelope. The image-forming member in- 



cludes a fluorescent film and a metal back covering the 
fluorescent film. The metal back contains a gettering 
substance and the gettering substance is irradiated with 
electron beams emitted from the electron source. 



FIG. 1 
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getter film is also formed around the electron source it- 
self, the gas discharged from the electron source itself 
does not accumulate remarkably to produce a signifi- 
cant local pressure rise there. In a flat panel display, to 
the contrary, the gas produced from the image-forming 5 
member can easily accumulate without satisfactorily 
dispersing to consequently give rise to a significant local 
pressure rise on the electron source because the image- 
forming member is located very close to the electron 
source. This pressure rise is more remarkable at the to 
center than in the peripheral areas of the image display 
region because gas cannot disperse to get to the getter 
film. The produced gas can be ionized by electrons from 
the electron source, which can be accelerated by the 
electric field existing between the electron source and « 
the image-forming member Such ions can collide with 
the electron source to damage the latter and give rise 
to electric discharge in the inside to eventually destroy 
the electron source. 

[0007] In an attempt to cope with this problem, there 20 
have been proposed flat panel displays in which a get- 
tering substance is arranged within the image display 
region in order to immediately adsorb any gas generat- 
ed in the inside. For instance, Japanese Patent Appli- 
cation Laid-Open No. 4-12436 discloses a method of 25 
forming gate electrodes of a gettering substance to be 
comprised in an electron source to extract electron 
beams. It describes a field emission type electron 
source using a conical projection for a cathode and a 
semiconductor electron source having in junctions. Jap- 3C 
anese Patent Application Laid-Open No. 63-1 81 248 dis- 
closes a method of arranging a gettering substance on 
control electrodes (including grid electrodes) to be com- 
prised in a flat panel display in order to control electron 
beams within the display, said control electrodes being in- 
disposed between the cathodes and the face plate of 
the vacuum container of the display. 
[0008] U.S. Patent No. 5,453,659 "Anode Plate for 
Flat Panel Display having Integrated Getter 0 , issued 26 
Sep. 1995, to Wallace et at. discloses a gettering sub- « 
- stance arranged jnJhe.gap„between adjacent sjripe- 
shaped fluorescent bodies in the display. According to 
the patent invention, the arranged gettering substance 
is electrically isolated from the fluorescent bodies and 
the electroconductive bodies electrically connected to < 
the former in the display and the getter is activated by 
applying a voltage to it and irradiating and heating it with 
electrons emitted from the electron source of the display 
or : alternatively, by electrically energizing and heating it. 
[0009] Needless to say, an electron-emitting device to ' 
be used for the electron source of a flat panel display 
desirably has a simple structure that can be manufac- 
tured by a simple method from the view point of tech- 
nology and manufacturing cost. It is also desirable that 
such a device can be manufactured by laying thin films 
to a multilayer structure in a simple manner. A method 
for manufacturing a large flat panel display should de- 
sirably involves a technique such as printing that does 



not require the use of a vacuum apparatus. 
[001 0] From such a viewpoint, the method of forming 
gate electrodes of a gettering substance to be com- 
prised in an electron source as disclosed in Japanese 
5 Patent Application Laid-Open No. 4-1 2436 listed above 
involves manufacturing steps of preparing conical cath- 
ode chips, forming junctions of semiconductors and oth- 
er complicated operations to be carried out in a vacuum 
apparatus and is not adapted to manufacturing a large 
10 electron source because of the limitations relating to the 
manufacturing apparatus. 

[001 1 ] While the brightnesses of examples 1,2,4, 5, 
6, and 7 are different from each other, they did not fall 
remarkably. The difference of brightness in the begin- 
15 ning is presumed to be caused by the difference of thick- 
ness of the getter layers. Because, the number of elec- 
trons passing through a getter layer and reaching fluo- 
rescent bodies depends on the thickness of the getter 
layer. 

20 [001 2] In cases of examples 3 and 8, while the effica- 
cy is a little smaller than those of examples 1 , 2, 4, 5, 6 
and 7, the brightness drop is smaller than that of com- 
parative example 1 . 

[0013] A display apparatus disclosed in Japanese 
25 Patent Application Laid-Open No. 63-1 81248 and com- 
prising control electrodes disposed between the elec- 
tron source and the face plate of the apparatus inevita- 
bly has a complicated configuration and requires cum- 
bersome manufacturing steps for aligning such compo- 
30 nents. 

[0014] U.S. Patent No. 5,453,659 discloses a method 
of forming a gettering substance on an anode plate of 
an electron source. However, with this method, the get- 
tering substance has to be electrically insulated from the 
35 fluorescent body of the electron source and patterning 
operations using a photolithography technique have to 
be repeated for precision processing. 
[001 5] The proposed method therefore involves cum- 
bersome processing steps and the use of a large appa- 
40 ratus for photolithography so that the image-forming ap- 
paratuses manufactured by the method are inevitably 
subject to lairnSSibnalllrfiitatlons. " "* 
[0016] An electron-emitting device that can meet the 
requirement of simple manufacturing method may be a 
45 lateral field emission type electron-emitting device or a 
surface conduction electron-emitting device. A lateral 
field emission type electron -emitting device comprises 
a cathode having a pointed electron -emitting region and 
a gate for applying a voltage to the cathode arranged 
50 on a flat substrate and is manufactured by means of a 
thin film deposition technique such as vapor deposition, 
sputtering or plating and an ordinary photolithography 
technique. A surface conduction electron-emitting de- 
vice comprises an electroconductive thin film including 
55 a high electric resistance region and emits electrons 
when an electric current is made to flow therethrough. 
Such a device is typically disclosed in Japanese Patent 
Application Laid-Open No. 7-235255 applied by the ap- 
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plication of the present patent application. 
[0017] Since an electron source comprising surface 
conduction electron-emitting devices does not have 
gate electrodes having a configuration as described in 
Japanese Patent Application Laid-Open No. 4-12436 
nor control electrodes as disclosed in Japanese Patent 
Application Laid-Open No. 63-181248, a getter cannot 
be arranged in the image display region of an image- 
"forming apparatus provided with such an electron 
source, unlike the case of the above patent applications : 
•and therefore should be disposed outside the image dis- 
play region. 

[001 8] As described earlier, the image-forming mem- 
ber that is typically a fluorescent film subject to collisions 
with highly energized electrons and the electron source 
itself are the two greatest gas producers in an image- 
forming apparatus. If the pressure of the produced gas 
is relatively low, the gas can be adsorbed by the elec- 
tron-emitting regions of the electron source to adversely 
affect the performance of the electron source and gas 
molecules that are ionized by electrons coming from the 
electron source are accelerated by the voltage applied 
between the image-forming member and the electron 
source or between the higher potential side and the low- 
er potential side of the electron source and hit hard the 
higher potential side or the lower potential side of the 
electron source to damage it. If the gas pressure rises 
high locally and instantaneously, ions accelerated by the 
electric field collide with gas molecules to produce ad- 
ditional ions and consequently give rise to electric dis- 
charge within the apparatus. Then, the electron source 
can be locally destroyed to deteriorate the electron- 
emitting performance of the electron source. As for the 
image-forming member that is typically a fluorescent 
film, H 2 0 gas and other gas can be abruptly produced 
from the fluorescent body when electrons are emitted to 
cause the fluorescent body to fluoresce after the com- 
pletion of the image-forming apparatus. Thus, the 
brightness of the image displayed on the display screen 
of the apparatus can become remarkably reduced in the 
JnitiaLstages of the operation of driving the apparatus. 
When the apparatus is driven further thereafter gas can 
also be produced from areas around the electron source 
to gradually deteriorate the performance of the image- 
forming apparatus. So long as a getter is arranged out- 
side the image display region of the apparatus as in the 
case of conventional image-forming apparatuses, the 
gas generated at the center of the image display region 
not only spend a long time before they get to the external 
getter region but can be adsorbed again by the electron 
source so that the getter cannot effectively operate to 
prevent the deterioration of the electron-emitting per- 
formance of electron source and the brightness of the 
image displayed on the image display region can be sig- 
nificantly degraded at the center. In view of the above 
identified drawbacks of conventional flat panel displays 
comprising not gate electrodes nor control electrodes, 
there is a demand for a novel flat panel display having 



an improved configuration wherein a gettering sub- 
stance is arranged within the image display region so 
that any produced gas may be removed quickly and ef- 
ficiently. 

5 

St IMMARY OF THE INVENTION 

[001 9] It is therefore an object of the present invention 
to dissolve the above identified problems by providing 
10 an image-forming apparatus that is substantially free 
from degradation with time of the brightness of the im- 
age being displayed on it. 

[0020] It is another object of the present invention to 
provide an image-forming apparatus that is substantially 
15 free from deviations with time of the brightness of the 
image being displayed on it. 

[0021 ] It is still another object of the present invention 
to provide a method of effectively and efficiently activate 
the getter arranged within an image-forming apparatus 
20 according to the invention. 

[0022] According to a first aspect of the invention, the 
above objects are achieved by providing an image-form- 
ing apparatus comprising an electron source and an im- 
age-forming member disposed in an envelope and said 
25 image-forming member includes a fluorescent film and 
a metal back covering the fluorescent film s character- 
ized in that said metal back contains a gettering sub- 
stance. 

[0023] According to a second aspect of the invention, 
30 there is also provided an image-forming apparatus com- 
prising an electron source having a plurality of electron- 
emitting devices arranged on a substrate and an image- 
forming member disposed opposite to said substrate in 
an envelope, characterized in that a gettering substance 
35 is provided in areas other than those of said electron- 
emitting devices of said substrate disposed opposite to 
the image-forming region of said image-forming mem- 
ber. 

[0024] According to a third aspect of the invention, 
40 there is also provided a method of activating a getter in 
an image-forming apparatus according to the invention, 
characterized in thatthe getter is activated by irradiating 
the gettering substance of the getter with electron 
beams emitted from said electron source and by con- 
45 trolling the voltage being applied to said electron source 
or the voltage being applied between said electron 
source and said image-forming member. 



BRIEF DESCRIPTION OF THE DRAWINGS 



50 



[0025] 



55 



Fig. 1 is a schematic perspective view of a first em- 
bodiment of image-forming apparatus according to 
the invention, illustrating its configuration. 
Fig . 2 A is a schematic plan view of a fluorescent film 
having black stripes. 

Fig. 2B is a schematic plan view of a fluorescent film 
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having a black matrix. 

Fig. 3A is a schematic partial plan view ot another 
embodiment of image-forming apparatus according 
to the invention, illustrating its configuration. 
Fig. 3B is a schematic partial sectional view taken 
along line 3B-3B in Fig. 3A. 
Fig. 4 is a schematic partial plan view of still another 
embodiment of image-forming apparatus according 
to the invention. 

Fig. 5 is a schematic block diagram of a drive circuit 
of an image-forming apparatus according to the in- 
vention and designed to display images according 
to NTSC signals. 

Fig. 6 is a schematic block diagram of a vacuum 
system to be used for manufacturing an image- 
forming apparatus according to the invention. 
Fig. 7 is a schematic circuit diagram of a circuit to 
be used for energization forming and activation 
steps in manufacturing an image-forming appara- 
tus according to the invention. 
Fig. 8 is a graph showing the performances of the 
electron-emitting devices prepared in the examples 
and comparative examples that will be described 
hereinafter. 

Figs. 9A through 91 are schematic sectional views 
of an electron-emitting device of Example 6 in dif- 
ferent manufacturing steps. 
Fig. 1 0 is a schematic partial plan view of the image- 
forming apparatus of Example 7. 
Figs. 11 A and 11 B are schematic partial views of 
the image-forming apparatus of Example 8. 
Fig. 12 is a schematic partial sectional view of the 
image-forming apparatus of Example 8, illustrating 
the method of manufacturing the same. 
Fig. 13 is a schematic perspective view of an elec- 
tron-emitting device of Example 9, illustrating the 
profile of the electron-emitting region and its vicinity. 
Figs. 14A and 14B are schematic partial views of a 
conventional flat panel display. 
Fig. 15 is a schematic partial plan view of an elec- 
tron source comprising a plu rality of surface con- 
duction electron-emitting devices arranged with 
matrix wiring. 

Fig. 16 is a schematic partial sectional view taken 
along line 16-16 in Fig. 15. 
Figs. 17A through 17H are schematic partial sec- 
tional views of the electron source of Fig. 15, illus- 
trating it in different manufacturing steps. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



[0026] Now, the present invention will be described in 
greater detail by referring to the accompanying draw- 
ings that illustrate preferred embodiments of the inven- 
tion. 

[0027] Fig. 1 is a view of a first embodiment of image- 
forming apparatus according the invention realized by 



arranging a thin film of an electroconductive gettering 
substance on a metal backformed on a fluorescent film. 
[0028] Referring to Fig. 1 schematically illustrating the 
embodiment of image-forming apparatus, it comprises 
5 an envelope 5 formed by bonding an electron source 1 
having a plurality of electron-emitting devices arranged 
on a substrate and wired appropriately, a rear plate 2, a 
support frame 3 and a face plate 4 together along the 
junctions thereof. The face plate 4 by turn is formed by 
10 arranging a fluorescent film 7, a metal back 8 and a get- 
ter layer 9 on a glass substrate 6 to produce an image 
display region. While the fluorescent film 7 is solely 
made a fluorescent body in an image-forming apparatus 
for black and white images, it contains pixels made of 
is fluorescent bodies of three primary colors of red, green 
and blue that are separated from each other by black 
electroconductive members in an image-forming appa- 
ratus for color images. Such black electroconductive 
members are referred to as black stripes or a black ma- 
20 trix, which will be described hereinafter in greater detail. 
The metal back is made of an electroconductive thin film 
typically of aluminum. As will be described hereinafter, 
it may alternatively be made of a gettering substance so 
that it may also operate as a getter layer. The metal back 
25 is designed to improve the brightness of the display 
screen by reflecting beams of light coming from the flu- 
orescent bodies and moving toward the electron source 
such that they may be directed along the direction to- 
ward the glass substrate and, at the same time, prevent 
30 ions generated as a result of ionization of the gas re- 
maining in the envelope by electron beams from dam- 
aging the fluorescent bodies. It also operates as anode 
relative to the electron source and imparts electrocon- 
ductivity to the image display region of the face plate to 
35 prevent any electric charge from accumulating there. 
[0029] The getter layer formed on the face plate char- 
acterizes an image-forming apparatus according to the 
invention and is designed to adsorb the gas produced 
by the electron source and the face plate. 
40 [0030] Note that, if the getter layer operates as a metal 
back, it should be sufficiently electroconductive. 
[0031] — In rgeneralrif the electric -resistance -of-a- thin- 
film having a thickness t, a width w and a length I is equal 
to R, a "sheet resistance" Rs is defined by equation 
45 R=Rs(l/w) and Rs should not have a large value for the 
film to show a sufficiently large electroconductivity. If the 
thin film is structurally uniform, Rs and the electric re- 
sistivity p of the substance of the thin film have a rela- 
tionship Rs=p/t. Thus, t should have a relatively large 
so value. Additionally, the getter is required to have a rela- 
tively large volume in order for it to adsorb gas to a sat- 
isfactory extent. This means that t should not be very 
small for the getter to operate well and there may be 
defined a lower limit for it. 
55 [0032] On the other hand, the metal back should be 
sufficiently thin to allow incident electron beams to move 
therethrough and get to the fluorescent bodies. The 
thickness t of the metal back, the intensity lo of incident 
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electrons and the intensity It of transmitting electrons 
show a relationship roughly expressed by lt=lo exp{-t 
(lo)}. lo is the mean free path of electrons in the metal 
back and defined by the material of the metal back and 
the energy of incident electrons. However, since it is at- * 
fected by the ratio of elastic scattering to inelastic scat- 
tering observed therein, the particulate structure of the 
films of the metal back and other factors, it should be 
experimentally determined. 

[0033] If the gettering substance is not very thick, it i 
"may alternatively be formed on an aluminum metal back 
as a uniform layer. If such is the case, since the metal 
back has a sufficiently large electroconductivity, the lay- 
er of the gettering substance may be made thin so long 
as it operates effectively. 

[0034] Preferably, the gettering substance is ar- 
ranged selectively on the black stripes or the black ma- 
trix of the fluorescent film (with the metal back inter* 
posed therebetween) so that electrons may not be ab- 
sorbed by the gettering substance and hence the layer 
of the gettering substance may be made sufficiently 
thick. 

[0035] An image-forming member having a configu- 
ration as described above can be manufactured in a rel- 
atively simple process because the gettering substance 
and the fluorescent bodies are electrically connected. It 
can be manufactured by a method much simpler than 
by the method disclosed in U.S. Patent No. 5,453,659 
"Anode Plate" cited earlier and, therefore, it can adapt 
itself to large dimensions. If the gettering substance is 
patterned, it is not necessary to electrically insulate it 
from the fluorescent bodies and hence no rigorous con- 
trol is required for the patterning operation. A patterned 
film of a gettering substance can be easily produced by 
arranging an appropriate mask on the metal back and 
forming a film of the gettering substance by means of 
vacuum deposition or sputtering. The reasons why an 
image-forming member can be arranged in such a sim- 
ple way for the purpose of the present invention as com- 
pared with U.S. Patent No. 5,453,659 will be described 

-hereinafter.^ .... 

[0036] The gettering substance may be selected from 
known ordinary substances having a sufficiently high 
electroconductivity including metals such as 71, Zr, Hf : 
V, Nb, Ta and W and their alloys. Alloys that can be used 
for the purpose of the present invention may contain Al, 
Fe and/or Ni. 

[0037] As means for securing a sufficiently high elec- 
troconductivity for the getter even when it has adsorbed 
gas to a large extent, the basic substance of the getter 
may be made to contain a metal that is less reactive than 
the former. More specifically, such an auxiliary metal 
may have an electronegativity value greater than that of 
the element that provides the base for the getter. Then, 
when Zr or Ti contained in the gettering substance is 
oxidized by the adsorbed gas, the other metal element 
can remain unoxidized to secure the electroconductivity 
of the getter. Such a combination of two metals for an 



alloy may be Ti (electronegativity of 1 .5) or Zr (1 .4) and 
Fe or Ni (both having an electronegativity of 1 .8). A met- 
al having a large electronegativity other than Fe and Ni 
may also be used. 

> [0038] Referring back to Fig. 1 , the embodiment ad- 
ditionally comprises row selection terminals 1 0 and sig- 
nal input terminals for applying a signal for controlling 
the rate of electron emission of the electron-emitting de- 
vices of the selected row. These terminals may have a 

o profile appropriately selected by taking the configuration 
of the electron source and the method of controlling it 
into consideration and, therefore, not limited to the illus- 
trated ones. 

[0039] Now, the fluorescent film will be described in 
is detail. Fig. 2A shows stripe-shaped fluorescent bodies 
1 3 arranged in a sequence of three primary colors of red 
( R ) f g r een (G) and blue (B) and separated from each 
other by black electroconductive members 12, which 
are referred to black stripes. In Fig. 2B, dot-shaped flu- 
20 orescent bodies 13 are disposed in a grating arrange- 
ment and separated from each other by a matrix of a 
black electroconductive substance 12. Dots of fluores- 
cent bodies of three primary colors may be arranged in 
several different ways and a square grating arrange- 
rs ment instead of a triangular grating arrangement as il- 
lustrated in Fig. 2B. 

[0040] A black electroconductive material 12 and flu- 
orescent bodies may be arranged on a glass substrate 
6 to show a predetermined pattern by means of an ap- 
30 propriate patterning operation using a slurry or printing 
technique. After forming a fluorescent film, a metal film 
typically of aluminum is prepared thereon as metal back, 
on which a layer of a gettering substance is formed. 
When a layer of a gettering substance is selectively 
35 formed only on the black matrix or black stripes, a mask 
having an appropriate pattern of openings has to be rig- 
orously aligned with and secured to the metal back. 
Care should be taken to place the mask as close as pos- 
sible to the metal back without contacting the latter. 
40 Then, a layer of a gettering substance that may be made 
of a metal such as Ti or Zr or an alloy containing such a 

metal is formed on the fluorescent film or the metal back 

by sputtering or vacuum deposition. Preferably a thin 
stabilized layer of a nitride may be additionally formed 
45 on the surface of the gettering substance layer in order 
to handle the gettering substance layer with ease in the 
subsequent processing steps. Such a nitride layer may 
be prepared by introduce nitrogen gas into the vacuum 
apparatus and heating it after forming the getter layer. 
so The produced nitride layer is removed in a subsequent 
"getter activation step (as will be described hereinaf- 
ter)". 

[0041] The face plate 4 prepared in the above de- 
scribed manner is then combined with a support frame 
55 3, a rear plate 2, an electron source substrate 1 and oth- 
er components, of which the support frame 3, the face 
plate 4 and the rear plate 2 are bonded together by 
means of frit glass at 400°C. At the same time, the in- 
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ternal components such as the electron source sub- 
strate 1 are also rigidly secured in position. In practice, 
the assembled components are heated to 300°C in the 
atmosphere to eliminate the binding agent contained in 
the frit glass (an operation referred to as n preliminary 
baking") and, thereafter, they are heated further to 
400°C in an atmosphere of inert gas such as Ar to bond 
the junctions of the components. 
[0042] Subsequently, the electron source is subjected 
to activation and other necessary processing steps and s 
■ after evacuating the inside of the envelope 5, the ex- 
haust pipe (not shown) of the envelope is heated and 
sealed off by means of a burner. Thereafter, the appa- 
ratus is subjected to a gettering operation, where evap- 
oration type getters 14 (schematically shown as ring- 
shaped getters in Fig. 1) that are different from the 
above described getter layer are heated until they evap- 
orate and are deposited on the inner walls of the enve- 
lope 5 (an operation referred to as "a flash" of getter) to 
form a f ilm. The formed getter film is located outside the 
image display region within the envelope 5. 
[0043] Then, the layer 9 of the gettering substance 
formed on the face plate is subjected to an activation 
step. 

[0044] For the purpose of the invention, "activation" 
refers to two different operations. Firstly, electron-emit- 
ting devices are subjected to an operation of activation. 
When electron-emitting devices are formed for an im- 
age-forming apparatus to show a macroscopically sat- 
isfactory profile, they may not emit electrons at all or, if 
they do, only at a low rate. Then, they have to be sub- 
jected to an operation of activation, where the surface 
of the devices are qualitatively modified so that they emit 
electrons at a desired high rate. Secondly, there is an- 
other operation of activation that is conducted on a get- 
tering substance. As described above, the surface of a 
non evaporation type getter containing ZrorTi as a prin- 
cipal ingredient is covered by a nitride layer so that the 
getter may remain stabilized and is handled without dif- 
ficulty. Then, it is heated in vacuum to diffuse the nitro- 
gen atoms into the gettering substance to mak e the sur- 
face neat and clean and the getter operate properly. In 
order to avoid confusion, the operation of activating a 
gettering substance will be referred to as "getter activa- 
tion" hereinafter whenever deemed necessary. 
[0045] For the embodiment of image-forming appara- 
tus shown in Fig. 1 , the initial operation of getter activa- 
tion may be carried out by externally heating it or by 
modifying the tracks of electrons emitted from electron- 
emitting devices from those for displaying an image so 
as to irradiate the getter layer with electron beams. 
When lateral typefield emission electron-emitting devic- 
es or surface conduction electron-emitting devices are 
used, the tracks of electrons can be modified by appro- 
priately changing the voltage being applied to the elec- 
tron-emitting devices and the voltage being applied be- 
tween the devices and the metal back. 
[0046] When the operation of getter activation is car- 



ried out by means of electron beams emitted from the 
electron-emitting devices of the image-forming appara- 
tus as described above, no particular arrangement has 
to be installed for the operation. Thus, if the gas adsorb- 
5 ing effect of the gettering substance is reduced after the 
image-forming apparatus has been putto use, the getter 
may be effectively "reactivated" by means of electron 
beams. 

[0047] The momentum of an electron emitted from a 
10 lateral type field emission electron-emitting device or a 
surface conduction electron-emitting device of the elec- 
tron source of an image-forming apparatus according to 
the invention has a component running along a particu- 
lar direction parallel to the electron source substrate 
15 ("lateral direction') because of the specific structure of 
the device. (It is not a componentthat each electron ran- 
domly shows due to the diffusion of electron beam but 
a component that each electron of the electron beam 
shows averagely.) In other words, the electron beam 
20 emitted from an electron-emitting device hits the image- 
forming member at a position slightly displaced from the 
spot right above the electron-emitting device. Although 
the electron source and the image-forming member are 
normally aligned, taking this displacement into consid- 
25 eration, such displacement can be regulated by appro- 
priately modifying the voltage Vf to be applied to the de- 
vices and the voltage Va to be applied between the de- 
vices and the image-forming member (anode). On the 
basis of this principle, an electron beam emitted to hit a 
30 fluorescent body can be made to hit an adjacent black 
electroconductive member. Thus, the gettering sub- 
stance arranged on a black electroconductive member 
of an image-forming apparatus according to the inven- 
tion can be irradiated with electron beams without using 
35 the complicated arrangement of U.S. Patent No. 
5,453,659. 

[0048] In a second preferred embodiment of image- 
forming apparatus according to the invention, a getter 
layer is formed in areas other than the electron-emitting 

40 device on the electron source substrate. As in the case 
of the first embodiment, while a specific wiring arrange- 
ment" isTequired foTthis^mbbdiment in ordertoapply a 
voltage to the getter layer if the operation of getter acti- 
vation is carried out by means of electron beams emitted 

45 from the electron-emitting devices, the higher potential 
side wire of each electron -emitting device may be used 
or alternatively, an exclusive wire may be arranged for 
that purpose. 

[0049] Figs. 3A and 3B schematically illustrate a get- 
so ter layer formed on an insulation layer and disposed 
close to a related one of the electron -emitting devices 
of an electron source having a matrix wiring arrange- 
ment. Fig. 3 A is a partial plan view of the electron source 
and Fig. 3B is a sectional view taken along line 3B-3B 
55 in Fig. 3A. While surface conduction electron-emitting 
devices are shown there, they may well be replaced by 
electron-emitting devices of a different type. 
[0050] The embodiment comprises X-directional 
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wires (upper wires) 21 and Y-directional wires (lower 
wires) 22 that are respectively connected the related 
electron-emitting devices. Each of the electron-emitting 
devices is provided with a specific area located close to 
it, where a getter layer is formed and connected to a 
getter activation wire 25 so that an appropriate voltage 
may be applied to the getter layer for getter activation. 
The Y-directional wires are arranged on an insulating 
"substrate 26 and an insulation layer 27 is formed ther- 
eon. The X-directional wires 21, the electron -emitting 
- devices 32, the getter layers 24 and the getter activation 
wires 25 are arranged on the insulation layer 27. Each 
of the electron-emitting devices 23 is connected to a re- 
lated one of the Y-directional wires 22 by way of a con- 
tact hole 28. Reference numeral 29 denotes connecting 
wires. 

[0051] The above cited various wires are formed by 
means of a combination of a thin film deposition tech- 
nique such as sputtering, vacuum deposition or plating 
and photolithography or by printing. As described earli- 
er, the getter layer is formed of a metal such as Zr or Ti 
or an alloy containing such a metal by means of sput- 
tering and then the surface of the layer is treated with a 
nitride. 

[0052] The electron source substrate is then assem- 
bled with a face plate, a support frame and a rear plate 
as in the case of the first embodiment to produce an im- 
age-forming apparatus. The face plate may be a metal 
back carrying thereon a layer of a gettering substance 
as in the case of the first embodiment or, alternatively, 
carrying thereon no gettering substance layer so long 
as the apparatus meets the requirements of a given de- 
gree of vacuum and a certain service life. 
[0053] After the electron-emitting devices of the em- 
bodiment are subjected to energization forming and ac- 
tivation as in the case of the first embodiment, the inter- 
nal pressure of the envelope is reduced to a sufficiently 
low level of less than 10* 5 Pa and then an operation of 
getter activation is carried out on the apparatus. The op- 
eration of getter activation may be conducted by heating 
the apparatus as in the case of the first embodiment or 
by causing the electron-emitting devices 23 to emit elec- 
tron beams and simultaneously applying a voltage high- 
er than the potential of the higher potential electrodes 
of the electron-emitting devices to the getter layers 24 
by way of the getter activation wires 25 to draw the elec- 
tron beams toward the respective getter layers 24 and 
energize the getter layers 24 by electrons. The metal 
back of the face plate may be made to have a negative 
potential in order to deviate the electron beams. 
[0054] Thereafter, the exhaust pipe of the image- 
forming apparatus is sealed off and the vapor deposition 
type getter is made to flash. Note that the sequence of 
the operations of getter layer activation, sealing off of 
the exhaust pipe and flashing of the vapor deposition 
type getter may be changed if necessary. 
[0055] The same treatment as the getter activation 
described above can be carried out when the ability of 



the getter layers is exhausted or periodically for reacti- 
vation of the getter layers. Still more, earring out the 
same treatment simultaneously with displaying images 
for maintaining surfaces of the getter layers clean is ef- 
5 fective to avoid generation of gases and discharge 
caused by such gases. 

[0056] As methods for this treatment, for example, 
supplying to the getter layers an electrical potential high- 
er than that of the higher potential side electrodes of the 
10 electron emitting devices can be utilized. Because of the 
potential of the getter layers, electrons emitted from the 
electron emitting devices are partially attracted by the 
getter layers, though a majority of electrons emitted from 
electron emitting devices are attracted by the face plate. 
15 [0057] Surfaces of the getter layers were heated by 
collision of electrons, and this accelerates deffusion of 
absorbed molecules into inside of the getter layers. 
[0058] This treatment can be carried out constantly 
with an appropriate interval during displaying images. 
20 [0059] Depending on situations, any suitable method 
can be selected. As a method of heating getter layers 
for reactivation or cleaning, heating means may be 
formed on the electron source substrate. 
[0060] In a third preferred embodiment of image-form- 
25 ing apparatus according to the invention, a getter layer 
is formed on the higher potential side wires of the elec- 
tron source that are exposed on the electron source sub- 
strate. When forming the wires, a getter layer may be 
formed on a layer of the material of the wires (such as 
30 Au or Pt) and the two layers may be patterned all at 
once. In such cases, no activation wire is needed. In 
short, the third embodiment can be manufactured with 
a simpler process than the second embodiment and has 
a configuration simpler than that of the second embod- 
35 iment. 

[0061 ] The operation of getter activation may be con- 
ducted by heating the embodiment or by causing the 
electron-emitting devices to emit electron beams and 
making them collide with the getter layers arranged on 
40 the wires by applying a negative potential to the metal 
back on the face plate. 

[0062] A fourth embodiment of image-forming appa- 
ratus according to the invention and illustrated in Fig. 4 
is in fact a combination of the second and third embod- 
45 iments. In Fig. 4, reference numeral 26 denotes getter 
layers formed on the higher potential side (X-directional) 
wires 21 . With this arrangement, the total area of the 
getter layers can be further increased. The getter layers 
may be formed individually or by covering the areas for 
so electron-emitting devices 23 with a mask, forming a film 
of a gettering substance and thereafter carrying out a 
laser patterning operation of separating the getter layers 

26 on the higher potential side wires from the remaining 
getter film 24 connected to the getter activation wires 25 

55 by means of a scanning laser spot. Reference numeral 

27 in Fig. 4 denotes scanning paths along which a laser 
spot moves for a laser patterning operation. 
[0063] In a fifth embodiment of image-forming appa- 
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[0074] The line memory 35 is a memory for storing a 
set of data for a line, which are signals Id1 through ldn s 
for a required period of time according to control signal 
Tmry coming from the control circuit 33. The stored data 
are sent out as I'd1 through I'dn and fed to modulation 
signal generator 37. 

[0075] Said modulation signal generator 37 is in fact 
a signal line that appropriately drives and modulates the 
operation of each of the surface-conduction type elec- 
tron-emitting devices according to each of the image da- 
ta I'd! through I'dn and output signals of this device are 
fed to the surface-conduction type electron- emitting de- 
vices in the image-forming apparatus 31 via terminals 
Doy1 through Doyn. 

[0076] An electron-emitting device applicable to the 
present invention has a characteristic feature relative to 
emission current le as will be described below. There 
exists a clear threshold voltage Vth for an electron-emit- 
ting device and the device emits electrons only a voltage 
exceeding the threshold voltage Vth is applied thereto. 
The level of emission current changes as a function of 
the change in the applied voltage above the threshold 
level. While the value of the threshold voltage and the 
relationship between the applied voltage and the emis- 
sion current may vary depending on the materials, the 
configuration and the manufacturing method of the elec- 
tron-emitting device, the following description holds true 
in any case. When a pulse-shaped voltage is applied to 
an electron-emitting device according to the invention, 
practically no emission current is generated so far as 
the applied voltage remains under the threshold level 
whereas an electron beam is emitted once the applied 
voltage rises above the threshold level. It should be not- 
ed here that, firstly, the intensity of an output electron 
beam can be controlled by changing the wave height 
value Vm of the pulse-shaped voltage. Secondly, the to- 
tal amount of electric charge of the electron beam emit- 
ted from the device can be controlled by varying the 
pulse width Pw of the pulse-shaped voltage. 
" [0077] Thus, either voltage modulation method or 
-pulse-width modulation may be used fpLrmdulating an 
electron-emitting device in response to an input signal. 
With voltage modulation, a voltage modulation type cir- 
cuit is used for the modulation signal generator 37 so 
that the peak level of the pulse shaped voltage is mod- 
ulated according to input data, while the pulse width is 
held constant. 

[0078] With pulse width modulation, on the other 
hand, a pulse width modulation type circuit is used for 
the modulation signal generator 37 so that the pulse 
width of the applied voltage may be modulated accord- 
ing to input data, while the peak level of the applied volt- 
age is held constant. 

[0079] Although it is not particularly mentioned above, 
the shift register 34 and the line memory 35 may be ei- 
ther of digital or of analog signal type so long as serial/ 
parallel conversions and storage of video signals are 
conducted at a given rate. 



[0080] If digital signal type devices are used, output 
signal DATA of the synchronizing signal separation cir- 
cuit 36 needs to be digitized. However, such conversion 
can be easily earned out by arranging an A/D converter 
5 at the output of the synchronizing signal separation cir- 
cuit 36. It may be needless to say that different circuits 
may be used for the modulation signal generator 37 de- 
pending on if output signals of the line memory 35 are 
digital signals or analog signals. If digital signals are 
10 used, a D/A converter circuit of a known type may be 
used for the modulation signal generator 37 and an am- 
plifier circuit may additionally be used, if necessary. As 
for pulse width modulation, the modulation signal gen- 
erator 37 can be realized by using a circuit that com- 
15 bines a high speed oscillator, a counter for counting the 
number of waves generated by said oscillator and a 
comparator for comparing the output of the counter and 
that of the memory. If necessary, am amplifier may be 
added to amplify the voltage of the output signal of the 
20 comparator having a modulated pulse width to the level 
of the drive voltage of a surface-conduction type elec- 
tron-emitting device according to the invention. 
[0081] If, on the other hand, analog signals are used 
with voltage modulation, an amplifier circuit comprising 
25 a known operational amplifier may suitably be used for 
the modulation signal generator 37 and a level shift cir- 
cuit may be added thereto if necessary. As for pulse 
width modulation, a known voltage control type oscilla- 
tion circuit (VCO) may be used with, if necessary, an 
30 additional amplifier to be used for voltage amplification 
up to the drive voltage of surface-conduction type elec- 
tron-emitting device. 

[0082] With an image forming apparatus according to 
the invention and comprising an image-forming appara- 
35 tus 31 and a drive circuit a configuration as described 
above, the electron -emitting devices emit electrons as 
a voltage is applied thereto by way of the external ter- 
minals Doxl through Doxm and Doyl through Doyn. 
Then, the generated electron beams are accelerated by 
40 applying a high voltage to the metal back 8 or a trans- 
parent electrode (not shown) by way of the high voltage 
terminal Hv. The" accelerated electrons-eventu ally col- 
lide with the fluorescent film 1 1 4, which by turn fluoresc- 
es to produce television images. 
45 [0083] The above described configuration of image 
forming apparatus is only an example, to which the 
present invention is applicable and may be subjected to 
various modifications. The TV signal system to be used 
with such an apparatus is not limited to a particular one 
so and any system such as NTSC, PAL or SEC AM may 
feasibly be used with it. It is particularly suited for TV 
signals involving a larger number of scanning lines (typ- 
ically of a high definition TV system such as the MUSE 
system because it can be used for a large imageage- 
55 forming apparatus comprising a large number of pixels. 
[0084] Possible applications of an image-forming ap- 
paratus according to the invention include a display ap- 
paratus for television, a teleconferencing system and a 
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computer as well as an optical printer comprising a pho- 
tosensitive drum. 

[Examples] 

[0085] Now, the present invention will be described in 
greater detail by way of examples. 

(Example 1) 

'[0086] The image-forming apparatus of this example 
has a configuration as schematically illustrated in Fig. 1 
and the metal back 8 of the apparatus is totally covered 
by a getter film 9. 

[0087] In the image-forming apparatus of this exam- 
ple, a plurality of surface conduction electron-emitting 
devices are arranged and wired on an electron source 
substrate 1 to form an electron source having a simple 
matrix arrangement (with 100 rows and 300 columns). 
[0088] Fig. 15 is a partial plan view of the electron 
source. Fig. 1 6 is a cross sectional view taken along line 
16-16 in Fig. 15. In Figs. 15 and 16, same components 
are denotes by same reference symbols. 1 denotes an 
electron source substrate and 82 denotes an X-direc- 
tional wire (also referred to as a lower wire) that corre- 
sponds to Doxm in Fig. 1, while 83 denotes a Y-direc- 
tional wire (also referred to an upper wire) that corre- 
sponds to Doyn in Fig. 1.4 denotes an electrpconduc- 
tive film including an electron -emitting region and 5 and 
6 denote device electrodes. Otherwise, there are shown 
an interlayer insulation layer 1 41 and a contact hole 1 42 
for electrically connecting the device electrode 5 and the 
lower wire 82. 

[0089] The image-forming apparatus of this example 
is prepared in a manner as described below. 

Step a: 

[0090] After thoroughly cleansing a soda lime glass 
plate, a silicon oxide film was formed thereon to a thick- 
ness-of 0.5p.m by sputtering to produce.a substrate 1, 
on which Cr and Au were sequentially laid to thickness- 
es of 5nm and 600nm respectively and then photoresist 
(AZ1 370: available from Hoechst Corporation) was ap- 
plied thereto by means of a spinner, while rotating the 
film, and baked. Thereafter, a photo-mask image was 
exposed to light and developed to produce a resist pat- 
tern for lower wires 82 and then the deposited Au/Cr film 
was wet-etched to produce lower wires 82 having an in- 
tended profile (Fig. 1 7A). Step b: 
[0091 ] A silicon oxide film was formed as an interlayer 
insulation layer 1 41 to a thickness of 1 .Oum by RF sput- 
tering (Fig. 17B). 



Step c: 

[0092] A photoresist pattern was prepared for produc- 
ing a contact hole 1 42 in the silicon oxide film deposited 



in Step b, which contact hole 142 was then actually 
formed by etching the interlayer insulation layer 1 41 , us- 
ing the photoresist pattern for a mask. A technique of 
RIE (Reactive Ion Etching) using CF 4 and gas was 
5 employed for the etching operation (Fig. 17C). 

Step d: 

[0093] Thereafter, a pattern of photoresist (RD- 
10 2000N-41: available from Hitachi Chemical Co., Ltd.) 
was formed for device electrode 5 and a gap separating 
the pair of electrodes and then Ti and Ni were sequen- 
tially deposited thereon respectively to thicknesses of 
5nm and 100nm by vacuum deposition for each surface 
15 conduction electron-emitting device. The photoresist 
pattern was dissolved by an organic solvent and the Ni/ 
T\ deposit film was treated by using a lift-off technique 
to produce a pair of device electrodes 5, 6 having a width 
W of 300u.m and separated from each other by a dis- 
20 tance L of 3u.m for each electron-emitting device (Fig. 
17D). 

Step e: 

25 [0094] After forming a photoresist pattern on the de- 
vice electrodes 5 : 6 for upper wires 83, 71 and Au were 
sequentially deposited by vacuum deposition to respec- 
tive thicknesses of 5nm and 500nm and then unneces- 
sary areas were removed by means of a lift-off tech- 

30 nique to produce upper wires 84 (Fig. 17E). 

Step f : 

[0095] A Cr film 1 51 was formed to a film thickness of 
35 lOOnrn by evaporation, which was then subjected to a 
patterning operation. Thereafter, a solution of Pd amine 
complex (ccp4230: available from Okuno Pharmaceuti- 
cal Co., Ltd.) was applied to the Cr film by means of a 
spinner, while rotating the film, and baked at 300°C for 
40 1 0 minutes. The formed electroconductive film 2 for pro- 
ducing an electron-emitting region was made of fine par- 
ticles containing Pd as a principal ingredient and had a 
film thickness of 8.5nm and an electric resistance 
Rs=3.9x1 0 4 n/Q Note that, an electroconductive film of 
45 fine particles is a film made of aggregated fine particles, 
where fine particles may be in a dispersed, adjacently 
arranged or overlapped (to show an islands structure) 
state, the fine particles having a diameter recognizable 
in any of the above listed states (Fig. 17F). 

50 

Step g: 

[0096] The Crfilm 151 and the baked electroconduc- 
tive film 2 for forming an electron-emitting region was 
55 etched to show a desired pattern by means of an acidic 
etchant(Fig. 17G). 



11 



21 



EP 1 321 962 A1 



22 



Step h: 

[0097] Then , a pattern for applying photoresist to the 
entire surface area except the contact hole 1 42 was pre- 
pared andTi and Au were sequentially deposited by vac- 
uum deposition to respective thicknesses of 5nm and 
500nm. Any unnecessary areas were removed by 
means of a lift-off technique to consequently bury the 
"contact hole 142 (Fig. 17H). 

[0098] By following the above steps, a plurality (100 
" rows x 300 columns) electroconductive films 2 for form- 
ing electron-emitting regions that are respectively con- 
nected to the upper wires 83 and the lower wires 82 were 
produced in the form of a matrix on the electron source 
substrate 1 . 

Step i: 

[0099] Thereafter, a face plate 4 having a profile as 
shown in Fig. 1 was prepared in a following manner. 
[0100] A fluorescent film 7 was formed on a glass sub- 
strate 6 by printing. The fluorescent film 7 carried ther- 
eon stripe-shaped fluorescent bodies (R, G, B) 13 and 
black electroconductive members (black stripes) 12 ar- 
ranged alternately to show an arrangement of Fig. 2A. 
[01 01 ] A metal back 8 of a thin Al film was formed to 
a thickness of 50nm on the fluorescent film 7 by sput- 
tering and, subsequently, a getter film 9 of an Ti-AI alloy 
was formed to a thickness of 50nm on the metal back 
8. The target used for the sputtering operation was 
made of an alloy containing Ti by 85% and Al by 15%. 
Thereafter, the inside of the vacuum chamber of the 
sputtering apparatus was filled with nitrogen gas and a 
nitride layer was formed on the surface of the getter film 
9. 

Step j: 

[0102] Subsequently, an envelope having a configu- 
ration as shown in Fig. 1 was prepared in a following 

—manner?- 

[01 03] After rigidly securing the electron source sub- 
strate 1 to the rear plate 2, they were assembled with a 
support frame 3 and the face plate 4 to form an envelope 
5 and the lower wires 82 and the upper wires 83 of the 
electron source substrate 1 were respectively connect- 
ed to the external terminals 10 and 11. The electron 
source substrate 1 and the face plate 4 were rigorously 
aligned and the envelope 5 was hermetically sealed by 
applying frit glass to the junctions, baking the envelope 
5 to 300°C in the atmosphere and heat-treating the com- 
bined members at 400°C for 1 0 minutes in Ar gas. The 
electron source substrate 1 was secured to the rear 
plate 2 in a similar manner. 

[0104] Before describing the subsequent steps, the 
vacuum treatment system used for them will be de- 
scribed by referring to Fig. 6. 

[01 05] The image-forming apparatus 41 is connected 



to a vacuum container 43 by way of an exhaust pipe 42. 
The vacuum container 43 is by turn connected to an vac- 
uum pumping unit 45 by way of a gate valve 44. The 
vacuum container 43 is provided with a pressure gauge 
5 46 and a quadrupole mass (Q-mass) spectrometer 47 
to monitor the internal pressure and the partial pres- 
sures of the gases remaining in the inside. Since it is 
difficult to directly measure the internal pressure of the 
envelope and the partial pressures of the gases con- 
to tained in the envelope, those of the vacuum container 
43 are gauged and used for those of the envelope. The 
vacuum pumping unit 45 comprises a sorption pump 
and an ion pump to produce ultrahigh vacuum. The vac- 
uum container 43 is connected to a plurality of gas feed- 
15 ing apparatuses and a gaseous substance contained in 
a substance source 49 can be fed into the container. 
The substance to be fed is filled in a bomb or an ampule 
depending on the type and the rate at which it is fed can 
be controlled by means of a gas feed rate control means 
20 48. The gas feed rate control means may be a needle 
valve, a mass flow controller or some other means de- 
pending on the substance to be fed, the flow rate and 
the precision required for controlling the feed rate. I n this 
example, the substance source was a glass ampule 
25 containing acetone (CH 3 ) 2 CO and the gas feed rate 
control means was a slow leak valve. 
[0106] The following steps were carried out with a 
vacuum treatment system having a configuration as de- 
scribed above. 

30 

Step k: 

[0107] After evacuating the inside of the envelope 5 
to a reading of the pressure gauge 86 less than 

35 1x1 0* 3 Pa, an energization forming operation was car- 
ried out on the plurality of electroconductive films for 
forming electron-emitting regions (2 in Fig. 17H) ar- 
ranged on the electron source substrate 1 . 
[01 08] As shown in Fig. 7, the Y-directional wires were 

40 commonly connected and grounded. In Fig. 7, 51 is a 
control unit for controlling a pulse generato r 52 and a 
line selection unit 54. 53 denotes an ammeter. A single 
line was selected out of the X-directional wires 22 and 
a pulse voltage was applied to it. The energization form- 

45 ing was carried out on the devices along the X-direction 
on a row by row (300 devices) basis. The waveform of 
the applied pulse voltage was a triangular pulse with an 
gradually increasing wave height. The pulse width of 
T1=1msec and the pulse interval of T2=1 0msec were 

so used. An extra pulse voltage of 0.1V was inserted into 
intervals of the forming pulse voltage in order to deter- 
mine the resistance of each row of devices and the en- 
ergization forming process was terminated for the row 
when the resistance exceeded 3.3kn (1 Mn per device). 

55 in this way, all the rows and therefore all the electrocon- 
ductive films (for forming electron-emitting regions) 
were subjected to energization forming to produce elec- 
tron-emitting regions. Consequently, an electron source 
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comprising a plurality of surface conduction electron- 
emitting devices with a simple matrix wiring was pre- 
pared. 

Step: I 

[0109] Subsequently, the electron source was sub- 
jected to an activation process, introducing acetone 
(CH 3 ) 2 CO and hydrogen H 2 into the vacuum chamber 
43 and maintaining the partial pressure of acetone 
-(CH 3 ) 2 CO and hydrogen H 2 respectively to 1 .3x10"3Pa 
and 1 .3x1 a 2 . A pulse voltage was then applied to the 
electron source to activate each of the electron-emitting 
devices, observing If. A rectangular pulse voltage hav- 
ing a pulse width of T1 =1 OO^sec and a pulse interval of 
T2=167jisec was generated by the pulse generator 52. 
The wave height of the pulse voltage was 1 4V. The lines 
Dx1 through Dx1 00 were sequentially selected on a line 
by line basis by every 167^sec by means of the line se- 
lection unit 54 so that a rectangular pulse voltage with 
T1=100nsec and T2=16.7msec was applied to the de- 
vices of each line with a gradually shifted phase. 
[01 1 0] The ammeter 53 was used in a mode of oper- 
ation for detecting the average electric current level 
when the rectangular pulse was on (and the voltage as 
equal to 1 4V) and the activation process was terminated 
when the current level got to 600mA (2mA for each de- 
vice). Then the inside of the envelope was evacuated. 

Step m: 

[0111] The image-forming apparatus and the vacuum 
container were entirely heated by a heating apparatus 
(not shown) and held to 250°C for 24 hours, evacuating 
the inside continuously. As a result of this process, 
(CH 3 ) 2 CO and its decomposition products that might 
have been adsorbed by the inner walls of the envelope 
and the vacuum container were removed. This was con- 
firmed by means of the Q-mass 47. 

... Step-n: — 

[0112] Subsequently, the image-forming apparatus 
was subjected to an operation of getter activation. This 
was done by irradiating the getter layer on the metal 
back with electron beams produced from the electron 
source of the image-forming apparatus. 
[01 1 3] The electron source was driven to operate as 
in Step I above on a line by line basis to cause the elec- 
tron-emitting devices to emit electrons at a frequency of 
60Hz. First, the voltage applied between the electron 
source and the high voltage terminal Hv, connected with 
the metal back, was Va=4kV. The image-forming appa- 
ratus of this example was so regulated that electron 
beams hit the respective pixels when voltages of 
Va=5kV and Vf=15V (device voltage) were used. Since 
each electron emitted from the surface conduction elec- 
tron-emitting devices shows a momentum having a 



component running along the surface of the electron 
source substrate 1 of the image-forming apparatus, it 
arrives a position on the image-forming member dis- 
placed from the target pixel. After this operation was 

5 conducted for 3 hours, the above voltage was made to 
shift repeatedly between 4kV and 5kV. While the rate of 
voltage shift was 50V/min in this example, a different 
rate might well be used If it were not too high. 
[0114] The above operation was continued for 5 hours 

io to complete the getter activation. 

[0115] Note that the getter operates mainty in areas 
other than those of the pixels during the image display 
operation of the apparatus and, therefore, such areas 
were activated in the first instance. Thereafter, the volt- 

15 age applied to the high voltage terminal was gradually 
changed to shifts the targets of electron beams until the 
entire getter film was activated. Since the face pi ate was 
irradiated with highly energized electron beams during 
the above process, gas was produced to some extent 

20 from the fluorescent bodies and other components. 
However, the gas was absorbed by areas where the op- 
eration of getter activation had been conducted in the 
areas on the black stripes with a relatively low energy 
consumption level, the electron source was not ad- 

25 versely affected for its performance. 

[01 1 6] Thereafter, voltage Va was raised to a level of 
Va=6kV to cause the fluorescent bodies to discharge 
gas. Since the image-forming apparatus of this example 
was designed to operate with a voltage level of Va=5kV : 

30 they would not discharge gas significantly during the ac- 
tual operation after such preliminary gas discharge due 
to a high voltage. 

[0117] Since each electron emitted from the surface 
conduction electron -emitting devices of the image-form- 

35 ing apparatus of this example showed a momentum 
having a component directed from the lower potential 
side toward the higher potential side of the device (re- 
ferred to as "laterally directed" for the sake of conven- 
ience), the electron hit the face plate at a location slightly 

40 and laterally displaced from the spot directly above the 
electron-emitting device. If the displacement is A, it was 
proved that the following apprdximate holds true. 

[0118] Thus, the above operation of raising Va to 6kV 
was conducted, maintaining the ratio of Vf/Va to a con- 
so stant level. For example, when Va=6kV, Vf=1 8V was se- 
lected. Step o: 

[01 1 9] After confirming that the internal pressure fell 
to less than 1.3x10- 5 Pa, the exhaust pipe was heated 
and sealed off by means of a gas burner. Thereafter, the 
55 evaporation type getter arranged out of the image dis- 
play region was made to flash by heating it with a high 
frequency wave. 

[0120] Now, the image-forming apparatus of this ex- 
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ample was completed. 
(Example 2) 

[01 21 ] An image-forming apparatus was prepared for 
this example like the apparatus of Example 1 except that 
the Ti-AI getter film 9 was made to have a film thickness 
of 30nm. 

(Example 3) 

[01 22] An image-forming apparatus was prepared for 
this example like the apparatus of Example 1 except that 
the Ti-AI getter film 9 was made to have a film thickness 
of 200nm. 



(Example 6) 

[01 30] An image-forming apparatus was prepared for 
this example like the apparatus of Example 5 except that 
5 the getter film operating also as a metal back was made 
to have a film thickness of 70nm. 

(Example 7) 

10 [0131] An image-forming apparatus was prepared for 
this example like the apparatus of Example 5 except that 
the getter film operating also as a metal back was made 
to have a film thickness of 1 0Onm. 

15 (Example 8) 



(Example 4) 

[0123] An image-forming apparatus was prepared for 
this example like the apparatus of Example 1 except that 
the Ti-AI getter film 9 was made to have a film thickness 
of 100nm. 

(Example 5) 

[0124] In this example, an image-forming apparatus 
comprising a metal back made of a getter film was pre- 
pared. 

[01 25] Firstly, the steps up to Step j were of Example 
1 were followed except that the metal back was made 
of a thin film of a n on -evaporation type gettering sub- 
stance, which thin film was formed to a thickness of 
50nm by sputtering, using an alloy of Zr;75%, V;20% 
and Fe;5% for the target. 

[0126] A high vacuum pumping unit comprising a ro- 
tary pump and a turbo pump was used to evacuate the 
vacuum apparatus to a pressure level of less than 
1 .3x1 0* 4 Pa for energization forming in Step k as in the 
case of Example 1 . A pulse exactly same as that of Step 
I of Example 1 was used for activation. No gas was fed 
. intoJhe„vacuumjcpjitainer but the organic substances 
dispersed from the vacuum pumping unit and slightly re- 
maining in the vacuum container were used to deposit 
carbon for the operation of activation. The pressure in 
the vacuum container in this step was about 
2.7x10* 3 Pa. 

[01 27] After the activation step, a voltage of 1 6V was 
used to see the device current If and the emission cur- 
rent le and obtained averages values of lf=2.2mA and 
le=2.2uA for each device. 

[0128] Subsequently, a heater was placed outside the 
envelope and close to the face plate to heat the latter to 
about 300°C for getter activation. 
[01 29] Then , the exhaust pipe was heated and sealed 
off by means of a burner as in the case of Step o of Ex- 
ample 1 and the evaporation type getter was made to 
flash to complete an image-forming apparatus of this ex- 
ample. 
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[01 32] An image-forming apparatus was prepared for 
this example like the apparatus of Example 5 except that 
the getter film operating also as a metal back was made 
to have a film thickness of 20 nm. 

(Example 9) 

[01 33] The image-forming apparatus of this example 
resembles to that of Example 1 , although a getter film 
was patterned to show stripes on the metal back of the 
face plate and the stripes were located on the respective 
stripe-shaped black electroconductive bodies 12 with 
the metal back interposed therebetween. The getter lay- 
er was formed in a manner as described below. 
[0134] A metal back 8 of an Al thin film was formed 
on a fluorescent film as shown in Fig. 2A to a thickness 
of 50nm by sputtering. After taking out the face plate 
from the sputtering apparatus, a mask having stripe- 
shaped openings was placed thereon to form a getter 
film. The mask and the face plate was precisely aligned 
in such a way that the openings of the mask were exactly 
aligned with the respective stripes of the black electro- 
conductive bodies 12 of the fluorescent film. The mask 
was secured in position without making it directly con- 
tact with the faceplate so that the fluorescent film might 
not be damaged. The assemble Twas then put into a sput- 
tering apparatus again and a getter f ilm 9 of Zr-V-Fe was 
formed thereon to a thickness of 300nm. A sputtering 
target similar to that of Example 6 was used for forming 
a gettering substance layer. Thereafter, the vacuum 
chamber of the sputtering apparatus was filled with ni- 
trogen gas and a nitride layer was formed on the surface 
of the getter film. 

[01 35] After completing the remaining steps same as 
those of Example 1 , an image-forming apparatus of this 
Example was produced. 

(Example 1 0) 

[0136] The image-forming apparatus of this example 
comprised an electron source having a configuration 
schematically shown in Figs. 3A and 3B. Now, the meth- 
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od of manufacturing the apparatus will be described by 
referring to Figs. 9A through 91. Note that Figs. 9A 
through 9E show cross sectional views taken along line 
3B-3B of Fig. 3A. 

Step A: 

[0137] After thoroughly cleansing a soda lime glass 
plate, a silicon oxide film was formed thereon to a thick- 
ness of 0.5um by sputtering to produce a substrate 1 s 
on which Cr and Au were sequentially laid to thickness- 
es of 50 angstroms and 6,000 angstroms respectively 
and then photoresist (AZ1370: available from Hoechst 
Corporation) was applied thereto by means of a spinner 
while rotating the film, and baked. Thereafter, a photo- 
mask image was exposed to light and developed to pro- 
duce a resist pattern for Y-directional wires 82 and then 
the deposited Au/Cr film was wet-etched to produce Y- 
directional wires (lower wires) 22 having an intended 
profile (Fig. 9A). 



Step B: 

[01 38] A silicon oxide film was formed as an interlayer 
insulation layer 27 to a thickness of 1 .Ojirn by RF sput- 
tering (Fig. 9B). 

Step C: 

[0139] A photoresist pattern was prepared for produc- 
ing a contact hole in the silicon oxide film deposited in 
Step B, which contact hole 28 was then actually formed 
by etching the interlayer insulation layer 27, using the 
photoresist pattern for a mask. A technique of RIE (Re- 
active Ion Etching) using CF 4 and H 2 gas was employed 
for the etching operation (Fig. 9C). 

Step D: 

[0140] Thereafter, a pattern of photoresist (RD- 
2000N-41:- available from Hitachi Chemical Co. , Ltd.) 
was formed for a pair of device electrodes 29 and a gap 
G separating the pair of electrodes and then Ti and Pt 
were sequentially deposited thereon respectively to 
thicknesses of 5nm and 100nm by vacuum deposition 
for each surface conduction electron-emitting device. 
The photoresist pattern was dissolved by an organic sol- 
vent and the Pt/Ti deposit film was treated by using a 
lift-off technique to produce a pair of device electrodes 
29 having a width of 300^m and separated from each 
other by a distance of 3u.m for each electron-emitting 
device (Fig. 9D). 

Step E: 

[0141] After covering the entire surface with a pho- 
toresist mask except the contact holes, Au was depos- 
ited to a thickness of 500u.m by vacuum deposition and 



then the photoresist was removed by an organic solvent. 
Thereafter, any unnecessary areas of the Au vapor dep- 
osition film was removed by means of a lift-off technique 
to bury the contact holes 28 (Fig. 9E). 

5 

Step F: 

[0142] After forming a photoresist pattern for upper 
wires 21 and wires 25 for getter activation, Ti and Au 

10 were sequentially deposited to respective thicknesses 
of 5nm and 500nm by vacuum deposition. Any unnec- 
essary areas were removed by a lift-off technique to pro- 
duce X-directional wires (upper wires) 21 and wires 25 
for getter activation having desired respective profiles 

15 (Fig.9F). 

Step G: 

[0143] A Cr film was formed to a film thickness of 
20 50nm by vacuum deposition and a photoresist layer was 
formed thereon and then, using a photomask, it was ex- 
posed to light and photochemically developed to pro- 
duce a resist mask having openings corresponding to 
those of the electroconductive films. The openings were 
25 actually formed as in the case of the Cr film by wet etch- 
ing and the photoresist was removed to produce a Cr 
mask (Fig. 9G). 



Step H: 



30 



[0144] A Pd amine complex solution (ccp4230: avail- 
able from Okuno Pharmaceutical Co., Ltd.) was applied 
to the Cr film by means of a spinner, while rotating the 
film, and baked at 300 C for 12 minutes in the atmos- 
35 phere to produce a film of fine particles containing PdO 
as a principal ingredient. Then, the Cr mask was re- 
moved by dipping it into an etchant and electroconduc- 
tive films 30 made of PdO fine particles and having de- 
sired profiles were produced by a lift-off technique (Fig. 
40 9H). 

Step I: 

[01 45] A metal mask having openings corresponding 
45 to the shapes of the getter film to be produced was 
placed on the electron source substrate and they were 
rigorously aligned and secured relative to each other. 
They were then put into a sputtering apparatus and a 
getter layer 24 of an alloy of Zr-V-Fe was formed by sput- 
50 tering. The thickness of the getter layer was controlled 
to show a value of 300nm. The sputtering target had a 
composition of Zr;70%, V;25% and Fe;5% (by weight). 
After the layer was formed, nitrogen gas N 2 was imme- 
diately introduced in the sputtering apparatus to form a 
55 nitride layer on the surface of the getter layer (Fig. 91). 
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Step J: 

[01 46] The electron source substrate was assembled 
with a face plate, a support frame and a rear plate as in 
the case of Example 1 and bonded to each other with 
frit glass to produce an image-forming apparatus. While 
the face plate might well be same as that of Example 1 , 
that of this example did not carry a getter layer on the 
7k\ metal back (thickness of 100nm). 

■Step K: 

[0147] The image-forming apparatus assembled in 
the preceding step was subjected to energization form- 
ing and activation of surface conduction electron-emit- 
ting devices as in the case of Example 1 by means of 
apparatuses shown in Figs. 6 and 7. 

Step L: 

[0148] The inside of the envelope was then cleaned 
in a manner as described in Step m of Example 1 . 

Step M: 

[01 49] A pulse voltage similar to the one used for ac- 
tivation of an electron source (as described in Step I, 
Example 1) was applied to cause the electron-emitting 
devices 23 to emit electron beams. A voltage of -1kV 
was applied to the high voltage terminal Hv, while a volt- 
age of +50V was applied to the getter activation wires. 
Electrons emitted from the electron -emitting devices 23 
were attracted to the getter layer 24 and collided with it 
to activate the getter. 

Step N: 

[0150] After ensuring that the internal pressure was 
less than 1.3x1 0" 5 Pa, the exhaust pipe was heated and 
sealed off and the evaporation type getter arranged out- 
side-the image display region-was. heated by.high fre- 
quency heating to cause it to flash. Now the image-form- 
ing apparatus of this Example was completed. 

(Example 11) 

[0151] Although the image-forming apparatus pre- 
pared in this Example had, in principle, a configuration 
as schematically illustrated in Fig. 4, the getter layers of 
this example were actually arranged in a manner as in- 
dicated by reference numerals 24, 26 in Fig. 1 0 in order 
to simply the manufacturing process. The steps of Ex- 
ample 10 above were foliowedfortheimage-fomriing ap- 
paratus of this example except those as will be de- 
scribed below. 

[0152] The steps up to Step H were same as their 
counterparts of Example 10. 



Step I: 

[01 53] A metal mask having openings corresponding 
to the shapes of the getter layers 24, 26 of Fig. 10 was 
5 used and the getter layers were formed to a thickness 
of 300nm. 

[0154] Steps J through M of Example 10 were also 
followed but only the getter layers 24 were activated in 
Step M. Step M': 
10 [01 55] The getter layers 26 were activated as in Step 
M except that a voltage of -50V was applied to the getter 
activation wires. As -50V was applied to the getter acti- 
vation wires, electron beams emitted from the electron- 
emitting devices were made to collide with and activate 
is the getter layers 26 electrically connected to the respec- 
tive X-directional wires 21 that operated as the higher 
potential side wires of the electron source. The voltage 
of -50V was applied to the getter activation wires and 
the getter layers 24 connected thereto in order to impart 
20 repellent force to electrons heading to the getter layers 
24 and consequently increase the number of electrons 
colliding with the getter layers 26. 
[01 56] Finally, Step N of Example 1 0 was followed to 
produce a complete image-forming apparatus for this 
25 example. 
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(Comparative Example 1) 

[0157] An image-forming apparatus similar to that of 
Example 1 was prepared except that the apparatus of 
this comparative example did not have a getter film 9 of 
Fig. 1 and the metal back comprising Al was made as 
thick as 100nm. Otherwise, the image-forming appara- 
tus of this comparative example had a configuration 
same as that of the apparatus of Example 1 and was 
prepared in a similar manner. 

[0158] The image-forming apparatuses of Examples 
1 through 11 and Comparative Example 1 were tested 
for comparison by driving them to operate by way of the 
respective simple matrix wiring to cause the image- 
forming apparatuses to continuously fluoresce. The 
change with time of the brightness of each apparatus 
was measured. While the brightness of the display 
screen decreases as it continues to fluoresce, different 
areas of the display screen behave differently relative 
to each other to a large extent. While the center of the 
image display region reduces its brightness remarkably, 
the peripheral areas do not lose the original brightness 
easily. Fig. 8 shows the changes of brightness with time 
of an area near the intersection of Dx50 and Dy 1 50 of 
the various apparatuses prepared in the examples de- 
tected by means of a photosensor. 
[0159] If it is possible to bake an image-forming ap- 
paratus enough for de-gas treatment, generation of gas 
will be suppressed. In some cases, however, it is not 
posible. 

[01 60] This is because electron emission devices and 
other members of an image-forming apparatus are eas- 
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ily damaged by heat treatment. In those cases, gener- 
ation of gas can take place. 

[0161] The image-forming apparatus of Comparative 
Example 1 lost remarkably with time the original level of 
emission current of the devices located at the intersec- 
tions of Dx50 and Dy1 49, Dy 1 50 and Dy 1 51 . Obviously 
this seriously affected the brightness reduction of those 
apparatuses. Therefore, this phenomenon may be at- 
-tributable not to the degradation of the fluorescent bod- 
ies but that of the performance of the electron source. 
. The reason why the center of the image display region 
lost it brightness remarkably may be that the evapora- 
tion type getter was located only outside the image dis- 
play region and the pressure of the discharged gas was 
inevitably high at the center to deteriorate the perform- 
ance of the electron-emitting devices located there. 
[0162] To the contrary, the gettering substance was 
arranged throughout the image display region of the ap- 
paratus of each of Examples 1 through 1 1 to reduce the 
adverse effect of discharged gas. 

(Example 12) 

[0163] In this example, an image-forming apparatus 
comprising an electron source as illustrated in Figs. 11 A 
and 11 B was prepared. Fig. 11 A is a schematic plan 
view, while Fig. 11 B is a schematic cross sectional view 
taken along line 11 B-11B in Fig. 11 A. An interlayer insu- 
lation layer 61 was arranged at each intersection of the 
X-directional (upper) wires 21 and the Y-directional (low- 
er) wires 22. Reference numeral 62 denotes a wiring 
pad for connecting each of the surface conduction elec- 
tron-emitting devices 23 and the related upper wire. 
[0164] The electron source was formed directly on a 
rear plate 64, which was a soda lime glass plate as large 
as 240mmx320mm. The upper wires 21 had a width of 
500u/n and a height of 12u.m, whereas the upper wires 
22 and the wiring pads 62 had a width of 300um and a 
height of 8u.m. They were formed by printing and baking 
Ag paste ink. The interlayer insulation layers 61 were 
-formed-by printing and baking-glass-pasteand-showed _ 
a height of 20um There were provided a total of 100 
upper wires and 200 lower wires. Upper wire drawing 
out electrodes and lower wire drawing out electrodes 
having a width of 600u.m and a height of 2u,m were also 
provided, electrically connected to the respective upper 
and lower wires and made to extend to the related ends 
of the rear plate. 

[0165] The device electrodes 65, 66 of each electron- 
emitting device were formed by vapor deposition of Pt 
to a film thickness of 1 0Onm. The electrodes were sep- 
arated by a gap of L=2um and had a width of W=300um 
The eiectroconductivethin film of each electron -emitting 
device was made of PdO fine particles and prepared as 
in the case of the preceding examples. 
[0166] The face plate was prepared by applying a 
green fluorescent material of P-22 to a surface of a soda 
lime glass as large as 190mmx270mm, subjecting it to 



a smoothing process (normally referred to as filming") 
and then forming an Al thin film for a metal back by vac- 
uum deposition to a thickness of 200nm. Note that wires 
had been formed in advance by printing and baking Ag 
5 paste in order to electrically connect the metal back to 
a high voltage terminal. 

[0167] The support frame was made of a soda lime 
glass plate having a thickness of 6mm, outer dimen- 
sions of 150mmx230mm and a width of 10nm, to which 

10 a soda lime glass pipe having an outer diameter of 6mm 
and an inner diameter of 4mm was securely fitted. 
[0168] The rear plate, the face plate and the support 
frame were bonded together by means of frit glass (LS- 
7105: available from Japan Electric Glass Co., Ltd.). 

15 Wires of a gettering substance 65 were also arranged 
directly above the respective upper wires at this stage 
in a manner as shown in Fig. 1 2. Each of the getter wires 
comprises a Ba-AI alloy along the central axis and was 
provided with an axial groove 66 that was made to face 

20 downward and held in engagement with a related one 
of the upper wires 21 . 

[0169] Thereafter, Steps k through m of Example 1 
were followed. During the operation of energization 
forming, the internal pressure of the envelope was held 

25 to 1 .3x 1 0' 3 Pa and a triangular pulse with a pulse width 
of J1= 1msec, a pulse interval of T2=1 0msec and a 
pulse wave height of 5V was applied for 60 seconds. 
[0170] After the energization forming and the activa- 
tion, the envelope was sufficiently evacuated and the 

30 wire getters were made to flash to form a getter layer 63 
on each of the upper wires 21 . 

[01 71 ] Subsequently, the exhaust pipe was sealed off 
to produce a complete image-forming apparatus of this 
example. 

35 [0172] Note that the X-directional wires 21 had a width 
greater than those of the Y-directional wires 22 and the 
wiring pads 62. This was because a single one of the X- 
directional wires is selected and fed with an electric cur- 
rent for simple matrix driving and the electric current is 
40 then made to flow into selected ones of the Y-directional 
wires according to an input signal so that each of the X- 
directional wires are required to show a current capacity 
greater than that of each of the Y-directional wires and 
the wiring pads. Therefore, a sufficient area was provid- 
es ed on each of the X-directional wires to accommodate 
a layer of a gettering substance 63 thereon. 

[Example 13] 

so [0173] Lateral type field emission electron -emitting 
device were used for the electron source of the image- 
forming apparatus of this example. The electron source 
substrate had a basic configuration same as that of the 
substrate of Example 5, although each of the electron- 

55 emitting devices had a configuration as schematically 
shown in Fig. 13. 

[0174] Referring to Fig. 13, an emitter 71 and a gate 
72 were formed on a substrate 26 with an insulation lay- 
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er 27 interposed therebetween. Both the emitter 71 and 
the gate 72 were made of a R thin film having a thick- 
ness of 0.3um. The tips of the emitter 71 provided an 
electron-emitting region and had an angle of 45. 
[01 75] The image-forming apparatus of this examples 5 
was prepared like that of Example 10, although the Pt 
films was formed by sputtering to a thickness of 0.3ujti 
after the steps of Figs. 9A and 9B. Then, resist was ap- 
plied thereto and baked to form a resist layer, which was 
then exposed to light and photochemically developed s 10 
- using a photomask, to produce a resist pattern having 
a profile corresponding to those of the emitter 71 and 
the gate 72. Thereafter, the emitter and the gate were 
actually formed by dry etching and the resist was re- 
moved to produce the emitter and the gate having their w 
respective predetermined profiles on the substrate as 
illustrated in Fig. 13. 

[0176] Subsequently, the steps of Figs. 9C through 9F 
were followed to produce a complete electron source 
substrate carrying thereon a number of electron-emit- 20 
ting devices, each comprising an emitter and a gate. 
[0177] Then, an image-forming apparatus was pre- 
pared, using the electron source substrate and substan- 
tially following the steps of Example 10, except that, un- 
like surface conduction electron-emitting devices, the 25 
field emission electron-emitting devices did not require 
energization forming. A pulse voltage having a wave 
height of 100V was used to drive the apparatus, while 
a voltage of 140V was applied to the getter activation 
electrodes for the operation of getter activation. 30 

(Comparative Example 2) 

[0178] An image-forming apparatus similar to that of 
Example 13 was prepared but not subjected to a proc- 35 
ess of getter activation. 

[0179] The image-forming apparatus of Example 13 
and that of Comparative Example 2 were compared in 
a manner as described earlier. While the former operat- 
ed stably for a long time, the latter gradually lost the 40 

brightness at the center_of-the image display_regipn. 

[0180] As described above, an image-forming appa- 
ratus according to the invention can effectively maintain 
the original brightness without deterioration particularly 
at the center of the image display region if compared 45 
with any comparable conventional apparatuses even 
when it is drive to operate for a long time. 
[0181] While the basic idea of the present invention 
can be effectively applied to an image-forming appara- 
tus having no electrodes such as control electrodes be- so 
tween the electron source and the face plate, an image- 
forming apparatus comprising such control electrodes 
will operates well if it is realized on the basic idea of the 
present invention. 

[0182] A summary of the foregoing is set out in the 55 
following numbered paragraphs. 

1 . An image-forming apparatus comprising an elec- 



tron source and an image-forming member dis- 
posed in an envelope and said image-forming mem- 
ber includes a fluorescent film and a metal back 
covering the fluorescent film characterized in that 
said metal back contains, or is adjacent to, a 
gettering substance. 

2. An image-forming apparatus according to para- 
graph 1, wherein said metal back is covered by a 
gettering substance. 

3. An image-forming apparatus according to para- 
graph 2, wherein said fluorescent film comprises a 
plurality of areas of fluorescent bodies and black 
members separating the plurality of areas and said, 
gettering substance is arranged on said black mem- 
bers with said metal back interposed therebetween. 

4. An image-forming apparatus according to para- 
graph 2, wherein said metal back has a thickness 
not greater than 50nm and said gettering substance 
is a film having a thickness between 30nm and 
50nm. 

5. An image-forming apparatus according to para- 
graph 1 , wherein said metal back is made of a get- 
tering substance. 

6. An image-forming apparatus according to para- 
graph 4, wherein said gettering substance is a film 
having a thickness between 50nm and 70nm. 

7. An image-forming apparatus according to para- 
graph 1 , wherein said gettering substance is an al- 
loy containing at least either Ti or Zr as a principal 
ingredient. 

8. An image-forming apparatus according to para- 
graph 7, wherein said alloy further contains at least 
one of Al, V and Fe as an auxiliary ingredient. 

9. An image-forming appaTatus according to para- 
graph 1 , wherein said electron source comprises a 
plurality of electron-emitting devices arranged on a 
substrate. 

10. An image-forming apparatus according to par- 
agraph 1, wherein said electron source comprises 
a plurality of electron -emitting devices arranged on 
a substrate and wired to form a simple matrix ar- 
rangement. 

11 . An image-forming apparatus according to para- 
graph 1, wherein said electron source comprises 
surface conduction electron-emitting devices. 

12. An image-forming apparatus according to par- 
agraph 1, wherein said electron source comprises 
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lateral type field emission electron-emitting devic- 
es. 

13. An image-forming apparatus comprising an 
electron source having a plurality of electron-emit- 
ting devices arranged on a substrate and an image- 
forming member disposed opposite to said sub- 
strate in an envelope characterized in that; 

a gettering substance is provided in areas oth- 
er than those of said electron-emitting devices of 
said substrate disposed opposite to the image- 
forming region of said image-forming member. 

14. An image-forming apparatus according to par- 
agraph 13, wherein wires for activating said getter- 
ing substance are arranged on said substrate. 

15. An image-forming apparatus according to par- 
agraph 1 3, wherein said gettering substance is con- 
nected to the high voltage side ones of the wires for 
applying a voltage to said electron-emitting devices. 

16. An image-forming apparatus according to par- 
agraph 13, wherein said gettering substance is an 
alloy containing at least either Zr or Ba as a principal 
ingredient. 

17. An image-forming apparatus according to par- 
agraph 1 3, wherein said electron source comprises 
a plurality of electron-emitting devices arranged on 
a substrate and wired to form a simple matrix ar- 
rangement. 

18. An image-forming apparatus according to par- 
agraph 1 3, wherein said electron source comprises 
surface conduction electron-emitting devices. 

19. An image-forming apparatus according to par- 
agraph 1 3, wherein said electron source comprises 
lateral type field emission electron-emitting devic- 
es; 

20. A method of activating a getter in an image- 
forming apparatus according to paragraph 1 or 13 
characterized in that the getter is activated by irra- 
diating the gettering substance of the getter with 
electron beams emitted from said electron source. 

21. A method of activating a getter in an image- 
forming apparatus according to paragraph 1 or 13. 
characterized in that the getter is activated by irra- 
diating the gettering substance and by controlling 
the voltage being applied to said electron source or 
the voltage being applied between said electron 
source and said image-forming member. 

22. A method of activating a getter according to par- 
agraph 21 , wherein said electron source comprises 



surface conduction electron-emitting devices. 

23. A method of activating a getter according to par- 
agraph 21 , wherein said electron source comprises 
5 lateral type field emission electron-emitting devic- 
es. 

Claims 

10 

1. An image-forming apparatus comprising an elec- 
tron source and an image-forming member dis- 
posed in an envelope, said image-forming member 
including a fluorescent film and a metal back cov- 
15 ering the fluorescent film characterised In that: 

said metal back is made of a gettering sub- 
stance. 

20 2. An image-forming apparatus according to claim 1 
wherein said gettering substance is a film having a 
thickness between 50 nm and 70 nm. 

3. An image-forming apparatus comprising an elec- 
25 tron source and an image-forming member dis- 
posed in an envelope, said image-forming member 
including a fluorescent film and a metal back cov- 
ering the fluorescent film characterised in that: 

30 the surface of said metal back located in the 

image display region of the image-forming 
member is entirely covered by a film of non- 
evaporation type gettering substance. 

35 4. An image-forming apparatus comprising an elec- 
tron source and an image-forming member dis- 
posed in an envelope, said image-forming member 
including a fluorescent film and a metal back cov- 
ering the fluorescent film characterised In that: 

40 

the surface of said metal back located in the 
image display region of the image-forming 
member is entirely covered by a film of non- 
evaporation type gettering substance. 

45 

5. An image-forming apparatus according to any pre- 
ceding claim wherein said gettering substance is an 
alloy containing at least either Ti or Zr as a principal 
ingredient. 

50 

6. An image-forming apparatus according to claim 5, 
wherein said alloy further contains at least one of 
Al, V and Fe as an auxiliary ingredient. 

55 7. An image-forming apparatus according to any pre- 
ceding claim, wherein said electron source com- 
prises a plurality of electron -emitting devices ar- 
ranged on a substrate. 
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8. An image-forming apparatus according to claim 7 : 
wherein said electron-emitting devices arranged on 
said substrate are wired to form a simple matrix ar- 
rangement. 

9. An image-forming apparatus according to either 
preceding claim 7 or 8, wherein said electron-emit- 
ting devices are surface conduction electron-emit- 
ting devices. 

10. An image-forming apparatus according to either 
preceding claim 7 or 8, wherein said electron-emit- 
ting devices are lateral type field emission electron- 
emitting devices. 

11. a method of activating a getter in an image-forming 
apparatus according to any one of claims 1 to 10 
characterised in that the getter is activated by ir- 
radiating the gettering substance of the getter with 
electron beams emitted from said electron source. 

12. A method of activating a getter in an image-forming 
apparatus according to any one of claims 1 to 10, 
characterised in that the getter is activated by ir- 
radiating the gettering substance while controlling 
the voltage being applied to said electron source or 
the voltage being applied between said electron 
source and said image-forming member. 

30 
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FIG. 1 
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FIG. 2A 
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FIG. 5 
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